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00 (54) Title- COMBINATION OF AN AGENT THAT ATTENUATES TOPOISOMERASE 1 ACTIVITY AND AN AGENT THAT 
O INHIBITS HEAT SHOCK PROTEIN 90 FOR USE IN CHEMOTHERAPY 

2 (57) Abstract: The present invention relates to the use of a first agent that attenuates Topoisomer^^ 

O ag?nTti^bits Helt Shock Protein 90 (HSP90) for use in chemotherapy. The agent, ; are partcularly «*d» the 

^ cancer and destruction of microorganisms. The invention also relates to screemng methods, diagnostic methods and methods for 

^ evaluating or monitoring chemotherapy regimens. 
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CHEMOTHERAPY 

The present invention relates to the treatment of medical conditions using a 
combination of chemotherapeutic agents. 

In general, when chemotherapy is used for the treatment of human cancers and 
the like, a combination of agents is employed. In the past, the reasoning behind the 
choice of which particular combinations of agents are used has been essentially a 
pragmatic decision, often based more on tolerances to toxicity rather than specific 
targets. 

Recent studies of the process of carcinogenesis, have revealed that many of 
the genetic lesions involved, cause errors in the cell division/death pathways. The 
molecular changes that result from such lesions initiate the cancer process. Due to this 
the molecules involved in such changes provide potentially highly specific targets for 
chemotherapy. Using the targets identified by this approach new therapeutic agents 
may be introduced into the clinic. However, to achieve optimal clinical benefit from 
these agents, they may too need to be used in combination with other anticancer 
drugs. Again the choice of which particular combinations of agents are used has been 
a decision based more on tolerances to toxicity rather than specific targets. 

There is also a need to develop new and improved antimicrobial agents. 
Antibiotic resistance is a growing problem and there is an increasing need to provide 
effective combination therapies. 

According to a first aspect of the present invention, there is provided a use of a 
first agent that attenuates Topoisomerase I activity and a second agent that inhibits 
Heat Shock Protein 90 activity for the manufacture of a medicament for 
contemporaneous or sequential administration in chemotherapy. 

According to a second aspect of the present invention, there is provided a 
method for conducting chemotherapy comprising contemporaneously or sequentially 
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altering to a person or animal in need of said treatment a therapeutically 
effective amount of a first agent that attenuates Topoisomerase I activity and a second 
agent that inhibits Heat Shock Protein 90 activity. 

According to a third aspect of the present invention, there is provided a 
composition for use in chemotherapy comprising therapeutically effective amounts of 
a first agent that attenuates Topoisomerase I activity and a second agent that ■nhrb.ts 
Heat Shock Protein 90 activity and a pharmaceutical^ acceptable veh.de. 

By "chemotherapy" we mean treatment of cells to cause a targeted cell death. 
Chemotherapy is required in cancer tteatment where it is desirable to target 
transformed cell, Chemotirerapy is also employed to treat infections caused by 
pathogens (e.g. bacterial, fungal or viral infections). 

Topoisomerase I (Topo I) is an enzyme that catalyzes the transport of a single 
strand of DNA through anotirer single strand of DNA. This works to alleviate me 
topological problems encountered by intracellular DNA. Topoisomerase I removes 
the negative (and positive, in eukaryotic topoisomerase I enzymes) supercoils from 
DNA. Tins is an extremely important reaction tot allows BNA ttanscription and 
DNA replication to take place. 

Topo I enzymes are monomeric and transiently break one strand of duplex 
DNA allowing for single step changes in the linking number of circular DNAs (tire 
number of times on strand of DNA crosses the other). Topo I can be divided mto two 
subfamilies: Type 1A and Type IB. 

Type IA enzymes require magnesium and a single-stranded segment of DNA; 
additionally they form a covalent intermediate with the 5' end Of the broken DNA 
strand and relax only negatively supcrcoiled DNA. Type IB topoisomerase I enzymes 
do not require any metal cofactors, work on double stranded DNA aa well, form a 
covalent intermediate with the 3' end of the broken strand, and are able to relax both 
positive and negative supercoils. 
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Topo I must also sea. the break in the DNA. This reversible breakage ■ 
achieved because Topo I maintains the high energy status of the phosphodiester bond 
during unwinding. Topo I uses an enzyme residue (typically a tyrosme) to ta* 
DNA. A new enzyme-DNA phosphodiester bond is formed in the process. Th 
covalent DNA-enzyme intermediate- be readi ly attacked by the free end of fce 
DNA because the enzyme-DNA phosphodiester bond is of comparable energy to the 
orginal bond. 

Sequences for Topoisomerase I are known to the art. Examples of sequences 
for knownTopoIenzymes may be foundin the following papers/gene databases: 

SLa^Tsa) froc Natl Acad Sci U S A 85(8):2543-7 ; NCBI pubmed 
S TlOCUS 9 88 WoPI, ACCESSION 103250 

^JTalTsls) Proc Natl Acad Sci USA 82(13):4374-8; NCBI pubmed 
^bdeLOCuf } YSCTOP1, ACCESSION K03077 

Se-Dilt IT« I Mol Biol 191(3):321-31 ; NCBI pubmed nucleotide LOCUS 
ECTOP A, ACCESSION X04475 X12873 

HumanTopoIisof considerable biomedical importance because it is the main 
target of camptothecm (CPT) family of anticancer drugs. These drugs act by 
prolonging the lifetime of the nicked intermediate in the Topo I reaction winch are 
presumed to form obstacies to the advancement of transcription and rephcatron 
complexes that eventually lead to DNA damage and cell death 

Heat Shock Protein 90 (HSP90) consists of a highly conserved, 25 kDa N- 
terminal domain connected to a highly conserved, 55 kDa C-terminal region by a 
•charged linker', which is variable in bom lengm and composition among specres and 
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isoforms. The eukaryouc HSP90s are essential and ubiquitons molecular chaperones 
with k ey roles in the folding, activation and assembly of a range of client proterns 
Really involved in signal transduction, cell cycle control or transcnphonal 



Sequences for HSP90 are also known to fire art. Examples of known HSP90 
proteins may be foond in the following papers/gene databases: 

W Hnman HSP90 be*: Rebbe - aL Oene 1987; 5 3(2-3):235-45; 
GENBANKyMl 6660; and NCBI PubMed nucleotide LOCUS HUMHSP90 

(B) A bacterial homologne of HSP90 from E.coli (HtpG): Nemoto e, al. Enr I 
Biochem. 200! Oc, 2 6 8 (20):525 8 -69; swisspro, locus HTPG_ECOLI, ac~ 
P10 413 (protein accession number); and NCBI PubMed proton LOCUS 
HTPGJBCOLI 

Heat Shock proteins exert men effect under conditions of stress such as heat 
shock, oxidative, chemical and other sfress situations. The biochemical fimction of 
HSP90 is catalysing the correct folding and maturation of a number of protcn 
substrates. Whhout the Sanction of HSP90 the abnormal conformation of the partner 
proteins would target them for proteolytic degradation. 

HSP90 is known - to bind to mediators of signalling pamways and other 
proteins bu, it is no. known to me art mat HSP90 tnay interact wim Topo I. However 
the inventors have established that HSP90 and Topo I interact. 

Tne inventor has found that the combing use of a firs, agent ma, attenuates 
Topoisomerase I activity and a second agent that inhibits Heat Shock Protein 90 
actfvity is highly effective for effecfing chemotherapy. The first an secon 1 age^ 
^ be administered contemporaneously (e. g . as a composition accordmg ;to tiaetad 
aspect of the invention) or sequential If administered sequential me firs, and 
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second agents should be therapeutically active within fire subject being treated at the 



Chemotherapy with first and second agents according to the invention ts 
particuiarly usefiti because such therapy results in surprising synergistic actions /Th. 
Lntors have found that disruption of tire interaction between Topo I and HSF90 

of perforating cefis in comparison with what is achievable wrfir a monofirempy 
pJLrmore satisfactory therapy nray be effected using iower doses firan wouM be 
^ in a monotherapy. This haa fire advantage that fire toxrc srde-effec* 
aliated with doses of chenrotherapeutic agents may be cheated or r^ 
Por instance, damage to health tissues (and other associated side ^ofhrghdose 
ohemotherapy - eg. sickness, hair loss) may be reduced in human cancer 

(Aran would be required in a rnonofirerapy) without compnsmg tire efficacy of fire 
treatment. 

Tte invention is based upon studies that have been orientated towards the 
rational design of chenrotherapeutic regimens. Tire inventor realised that tog 
development up to fire present time has only been directed against srng* — 
targets and that rational selection of combination chemotherapy may be basefion 
irrigating fire mechanisms of action of chemofirerapeutic agon, and rdenti^ 
potential interaction a. fire cellular targe, of such agents. The 
established firat Topo I and HSP90 interact and lead to the reahsation that a 
combination of agents that specifically inhibit fire individual « ^ 

efficacy in chemofirerapy. Furfirer experimentation (see tire Example) estabhsh^ 

effective as a chemotherapy. Furthermore fire combination surprisingly repms^a 
syn^gistic effect. Mfirough the inventor does not wish to be bound by ^ 
h^oLs, it is believed that disrupting tire interaction between fire Topo I and 
JLo allows tire generation of more DNA damage, thus Killing the drvrdmg cells, 
ZZZ* poJbleusinsfire agents in monotherapy. We betieve fire agents have 
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SU ch efficacy because two targets in a single pathway (the stress response pathway) 
are modulated. 

n a AG fan HSP90 inhibitor) and Doxorubicin may be 
ansamycin antibiotics such as 17-AAG (an n&ryu 

tat the : lamycin antibiotic (geldanamycih - an Hsp90 inhibitor) senses cells to 
^ffpp.tq of Taxol or doxrubicin. 

t) (Trends in Molecul* Medcine 2002 Vo,( 8) -5 -£) 

chemotherapeutic agents. 

However none of the papers contempt modulation of Topo I. Furfcermore 
fcere is no- suggestion in any of these papers ft* agents that — 
combined with HSP 90 inhibitors according to the present tnvenUon and^ed» 

A skilled person may be motivated to hy combination meraptes of an HSP90 mhtbrfo 
1 a wide variety of other chemotherapeutic ag^rts. However most o s^h 
combinations wouldhave no beneficial or synergistic effect and the mventor behoves 
ZTZ efficacy of the specific combination of first and second agents accordmg to 
thepresentinvention would have been surprising to a skilled person. 

Several classes of compound may be used according to the invention as tire 
first agent. These compounds include: 

© compounds « hind to Topo I and hdnbi. its activity (e.g. competitive 

inhibitors; allosteric inhibitors, cleavable complex inhibitors etc); 

00 compounds which prevent the transcription, tianslation or 

Topo I (e.g. ribozymes or antisense DNA molecules e.g. antisense crossmg 

the first intron/exon boundary); 
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(iU ) compounds wHch inhibit release of Topo I from intracellular stores; and 
(iv) compounds whieh increase the rate of degradation of Topo I. 

EKamplesofcompoundatotmaybeusedasfctagentsarewentaowtoto 
rt Forins.ance.Ponnnier^^iochhnicaetBiophysicaActa (1998) 1400 p83 - 
106) disclose drugs targeted to Topo I as well as mechanism of action for Topo I. 

Preferred compounds may attenuate the activity of human Topo I. 

The compound may be a Topo I poison or a Topo 1 suppressor - e.g. as 
disclosed in Table 1 Pommier et al. (supra). 

A preferred first agent is Gemcitabine (2^uoro-2Meoxycytidine). 
Gemcitabine is an antimetabolite that poisons Topo I (see Pouruuier * a*. Clin Cancer 
Res 2002 Aug 8(8) p2499-2504) 

It is preferred mat fire first agent is Camptomecin (NSC 94600; and CAS 
Registry Number: 7689034) or a derivative thereof. Examples of preferred derives 
of Camptothecin are disdosed in Pommier « a /.(^) e.g. see Fig 3 of Are paper. 

Camptothecin has the following names and structure; 

Camptothecin 
Camptothecine (8CI) 
CAMPTOTHECIN 

hydroxy-, (S)-(9CI) 
20(S)-Camptothecine 

21, 22-Secocamptofhecin-21-oic acid lactone 
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Anomer preferred first agent is Topotecan (NSC 609699) or a derivative thereof., 
Topotecan has the following names and structure: 

SXlan^^ di one 
lH-Pyrano[^4':6/7]indoli^ 

4-ethyl V-dihydroxy-lO-Kdmethylamtno^nethyll-.HCl salt (S) 
Hycamptamine 




Another preferred first agent is Mnotecan or a derivative thereof. Irinoteean has 
the following names and structure: 
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A further preferred first agent is Camptosar (CPT-1 1_ or a derivative thereof. 
Camptosar (CPT-11) 




Several elasses of compound may be used aeeordiug to the invention as the 
second agent. These compounds include: 

(i) compounds that bind to HSP90 and inhibit its activity (e.g. compeuhve 
inhibitors or allosteric inhibitors); 

(ii) compounds which prevent me transcription, translation or expression of 
HSP90 (e g. ribozymes or antisense DNA molecules); 

(iii) compounds wbioh inhibit release of HSP90 ftom intracellular stores; and 

(iv) compounds which increase the rate of degradation of HSP90. 

Geldanamycin and its derivatives (e.g. 17-AUylamino,17- 
dememoxygeldanamyein - 17-AAG or Macbeein n) are preferred second agents for 
use according to the present invention. 

E£S5* lS, 21 -didehydro-6 17-dideme «««^ 
15-methoxy-6-methyl-l l-o-methyl-, (6S,15R)- 
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MACBECIN II 




2-Azabicyclo[16.3.1]docosane, geldanamycin deriv. (9CI) 
NSC 330500 

CAS Registry Number. 73341738 



Geldanamycin 



CH3O. 




OCONH2 

Geldanamycin 

NSC 122750 

Radicicol may be used as a second agent according to the invention. 
Radicicol 
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Radicicol 



CNF-101 is a semi-synthetic derivative of Geldanamycin font Conforma 
Therapeutics (see wwwronformacorp.c om) and is a farther preferred second agent. 

It will be appreciated that agents may be developed drat have a dual action in 
that they are able to attennate Topo I activity and also inhibit Hs P 90. Snch agents may 
be used in an adaption of the present invention which involves the nse of a smgle, 
dual action, agent only rather than separate first and second agents. 

The first and second agents may be farther combined with other therapeutics 
when there is a medical need. For instance, for certain medical conditions, the 
inventor has found even greater flrerapeutic efficacy when the agents are combmed 
with a mediacment which suppresses apoptosis in non-cancerous tissue (eg prfithnn- 
o). 

Agents which attenuate Topo I activity and inhibit Hs„S>0 may be used in 
chemotherapy to neat a number of conditions requiring the induction of targeted cell 
death. These include: 

1) Cancer chemotherapy; 

2) antibacterial treatments; 

3) antifungal treatments; 

4) the treatment of AIDS/HIV; 

5) the treatment of multiple sclerosis; and 

6) the killing and inhibition of proliferation of any organism. 
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When used to treat cancer, the agents are particularly effective for treating solid 
tumours such as bowel cancer, small cell and non-small cell lung cancer, head and 
neck cancer, breast cancer, bladder cancer and malignant melanoma 

The combined agents are also particularly effective for the treatment of paediatric 
tumours such as neuroblastoma and in the treatment of leukaemias and lymphomas, m 
which both proteins are contemporaneously or sequentially targeted. 

The inventors have found that the combination of first and second agents 
improves the effectiveness of the agents for all known clinical applications for the 



When the agents are used to treat non-mammalian organisms, or to attack- 
micro-organisms, it is preferred that the agents are effective for attenuating the 
activity of the species equivalent of Topo I or inhibiting the species equivalent of 
HSP90 For instance, when the agents are used as antibacterial agents it is preferred 
(hat they attenuate the activity of Topo 1A or an equivalent thereof (see Tse-Dinh et 
al. supra for E. coli TopA) and inhibit pHtpG (a bacterial equivalent of HSP 90). 

We have found that the agents are particularly useful for arresting the growth 
or directly killing a number of bacteria. These include gram -ve and gram +ve 
bacterium. 

The agents may be used to treat a number of bacterial infections in mammals 
(and particularly humans). Bacteria that may be attacked according to the invention 
are listed below. The conditions caused by such bacteria, and thereby treatable by the 
combination therapy according to the invention, are indicated in parentheses. 



The following bacteria may be treated according to the invention: 
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Abiotrophy (Reported infections - endophthalmitis, brain abscess, 
osteomyelitis); 

Adsomobacter (Reported infections - septicaemia, CAPD peritonms, 

pneumonia, ear infection); 

A^rtinocpccus (Reported infections - abscesses, post surgical infections); 
A^yorax (Reported infections - wound infection, UTI, bacteraemia, 

meningitis, septic arthritis); 

Acinetobacter (Reported infections - septicaemia, UTI, wound infections 
sses endocarditis, meningitis, osteomyelitis); 
Actinoba^illus (Reported infections - periodontitis, endocarditis, abscesses, 
pericarditis, meningitis, septicaemia, pneumonia, empyema, hepatitis); 
Actinobaculum (Reported infections - pyelonephritis); 
Antinomadura (Reported infections - actinomycetoma, madura foot); 
Actinomyces (Reported infections - actinomycosis); 

A^ococcus (Reported infections - endocarditis, UTI, wound infection, 

meningitis, abscesses); 

AerornoEas (Reported infections - wound infection, abscesses, septicaenua, 
acute diarrhoea, meningitis, leech bite infection, alligator bite infection, iufections 
associated with aquatic exposure); 

Afipia (Reported infections - cat scratch disease (A. Mis), septic arthritis, 
bone marrow infection (A. broomeae), bone infection (A. cl^eland^sis); 

A^cterium (Reported infections - endocarditis,CAPD peritonitis, UTI, hne 

sepsis); 

Alcaldes (Reported infections - pneumonia, otitis, UTI, osteomyehtis, 

bacteraemia); 

Alloiococcus (Reported infections - otitis media); 
Amvcolata (Please see Pseudonocardia); 

Amvcolatonsis (Species associated with infection - A. orientalis) ; 
Anaerobospirillum (Reported infections - diarrhoea, bacteraemia); 
Anaerorhabdus (Reported infections - lung abscess, appendix absecess, 

abdominal abscess); 

"Anguillina" (Species associated with, infection - " Angmllina coti"); 
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Arachnia (Species associated with infection - Arachnia propionica); 

Arcanobacterium (Reported infections - septic arthritis (A. bernardiae and A. 
pvog enes), UTI and septicaemia (A. bernardiae), tonsillitis, cellulitis, lymphadenitis, 
brain abscess,septicaemia, osteomyelitis (A. haemolyticum) ; 

Arcobacter (Reported infections - enteric infection (diarrhoea and abdominal 
cramps); 

Arthrobacter (Reported infections - UTI, bacteremia, Whipple's disease); 
Atonobium (Reported infections - UTI, dental abscess, pelvic abscesses, 
wound infection); 

Aureobacterium (With the exception of A. resistens, Aureobacterium spp. 
have been reclassified as members of the genus Microbacterium . The name A. 
resistens (which is vancomycin-resistent) was validly after other Aureobacterium spp. 
were reclassified as Microbacterium spp. Aureobacterium isolates have been 
misidentified as "Corvnebac terium aquaticum"); 

Bacillus (B. anthracis - the agent of anthrax B. thuringiensis , a biological 
insecticide has caused corneal infection); 

Bacteroides (Reported infections - abscesses, bacteremia, bite infections, 
wound infections, chronic otitis media, pelvic inflammatory disease); 

Balneatrix (Reported infections - pneumonia, bacteremia, meningitis); 

Bartonella (Reported infections - Oroya fever and verruga peruana (B. 
bacilliformis\ cat scratch disease (B. henselae), bacillary angiomatosis (B. henselae, 
B. quintanaV trench fever (B. quintana), endocarditis (B. elizebethae) , bacteraemia (B. 
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Bergevella (Reported infections - wound infection, septicaemia, meningitis); 
Bifidobacterium (Reported infections - bacteraemia, peritonitis, abscesses, 
otitis, paronychia); 

Biloohila (Reported infections - appendicitis, abscesses, bacteraemia, biliary 
tract sepsis); 

Branhamella (Species associated with infection - B. catarrhal , this organism 
has been reclassified as Moraxella catarrhalis); 

Borrelia (Species associated with relapsing fever, Reported infections - wound 
infection, septicaemia, meningitis); 
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Bordetella (Reported infections - respiratory tract infection (B. hronchiseptica , 
B. parapertussis, B. pertussis) , whooping cough (B. parapertussis , B. pertussis) , 
bacteraemia, otitis, wound infection (B. hinzii , B. holmseii, B. trematum); 

Brachvspira (Reported infections - intestinal spirochaetosis); 

Brevibacillus (Reported infections - endophthalmitis, food poisoning, 
bacteraemia); 

Brevibacterium (Reported infections - bacteraemia, meningitis, chest 
infection); 

Rrevundimonas (Reported infections - septicaemia); 
Brucella (Reported infections - brucellosis); 

Burkholderia (associated infections include lung infection, bacteraemia, 
endocarditis, septic arthritis, UTI, cystic fibrosis patients); 

Buttiauxella (Reported infections - appendicitis, wound infection); 
Butvrivibrio (Reported infections - endophthalmitis); 

Calymmatobacterium (This taxon has been reclassified as Klebsiella 
granulomatisV, 

Campylobacter (associated with diarrhoea, bacteraemia, periodontitis, 
appendicitis, peritonitis and head and neck infections fever, meningoencephalitis, 
endocarditis, abscesses and abscess - zoonoses from mammals and birds, 
Campylobacter butzleri was reclassified as Arcobacter butzleri, C . cinaedi , C. 
fennelliae, C. pvloridis were reclassified as Helicobacter spp); 

Ca pnocvtophaga (wound infection, septicaemia, abscesses, meningitis, 
endocarditis - associated with dog bites systemic infections in neutropenic patients); 

Cardiobacterium (Reported infections - endocarditis, meningitis); 

Catonella (Reported infections - periodontitis); 

Cedecea (Reported infections - bacteraemia); 

CelMomonas (reported cases of bacteraemia, meningitis cases of bacteraemia, 
endocarditis); 

Centipeda (Reported infections - periodontitis); 

Chlamydia (Reported infections - trachoma, genital infection, neonatal infection, 
lymphogranuloma venereum); 
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Chlamvdophila (associated with abortion following contact with infected 
ruminants, associated with chest infection agent of psittacosis, a zoonosis from birds); 

Chromobacterium (Reported infections - septicaemia, osteomyelitis, abscesses, 
eye infection); 

nwobacteriurn (Reported infections - bacteraemia, meningitis, abdominal 
sepsis, wound infection, line infection); 

nhrvseomonas fChrvseomonas Jutecla has been reclassified as Psj^domonas 

luteola) ; 

Citrobacter (Reported infections - UTI, meningitis, haemolytic-uraemic 
syndrome); 

Clostridium (associated with wound infection, bacteraemia and abscesses, 
botulism, diarrhoea (usually antibiotic-associated) and pseudomembranous colitis, 
food poisoning, necrotising enterocolitis (pigbel, Darmbrand), gas gangrene - (C. 
histolvticum, C. novyi, Q. septicum, C. sordellii also associated with gas gangrene), 
tetanus); 

Collinsella (Species associated with infection - Collinsella aerofaciens); 

Comamonas (Reported infections - bacteraemia, conjunctivitis); 

Corvnebacterium (associated with infections such as septicaemia, peritonitis, 
eye infection, wound infection, endocarditis, osteomyelitis, septic arthritis, meningitis 
and abscesses diphtheria and cutaneous infection, tropical ulcer, septicaemia, 
pulmonary infection, lymphadenitis pharyngitis or diphtheria-like illness); 

Coxiella (The agent of Q fever); 

Crv ptobacterium (Associated with periodontitis); 

Delftia (Reported cases of bacteraemia and endocarditis); 

Dermabacter (brain abscess, bacteraemia, wound infection); 

Dermatophilus (Reported to cause cutaneous infection - zoonosis from cattle, 

sheep, goats and horses); 

Desulfomonas (Associated with pilonidal abscess and peritonitis); 
Desulfovibrio (Reported infections - bacteraemia, liver abscess); 
Dialister (Reported infections - periodontitis); 

Dichelobacter (Reported infections - pilonidal cyst, rectal fistula, wound 
infection); 
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Dolosicoccus (Reported infections - bacteraemia); 

Dolosj^^ta (Reported infections - spinal cord infection, eye infection); 



Edwd^iella (Reported infections - wound infections, 
gastroenteritis - associated with aquatic exposure and penetrating fish injury); 
Egger&ella (Reported infections - rectal abscess); 
Ehrlichia (Reported infections - Ehrlichiosis); 

EJkenella (Reported infections - septicaemia, endocarditis, abscesses, septic 
arthritis); 

Rmpedobacter (Species associated with infection - E. breNos); 

g^bacter (Associated infections - bacteraemia, respiratory tract infections, 
UTI - associated with nosocomial infection); 

E^ococcus (Associated infections - bacteraemia, abscesses, endocardxtis, 
meningitis, UTI, peritonitis, osteomyelitis, wound infection); 

Erwinia (Associated infections - UTI); 

E^^^oto (Associated infections - erysipeloid, septicaemia, endocarditis); 
g^ichia (associated with UTI, bacteraemia, wound infection, memngrtis, 
enteric infection, haemolytic uraemic syndrome); 

Eub^te (Associated infections - wound infection, abscesses, 

septicaemia, periodontitis); 

Ewingella (Associated infections - septicaemia, wound infection, UTI); 

^^^^ (Species associated with infection - E. a^yjiticum, E. 
aurantiacum); 

FacWainia (Associated infections - UTI, bacteraemia, abscess); 

Filifactor (Associated infections - gingivitis, periodontitis); 

Havobacterium (Associated infections - bacteraemia, diarrhoea); 

^Tleidspira^ (Associated infections - bacteraemia, diarrhoea); 

Francisella (associated with septicaemia and invaxsive systemic infection, 

tularaemia); . 

pyjobactaium (Associated infections - abscesses, bacteraerma, penodonttts, 

endocarditis, necrobacillosis); 

eHdaersUa (Associated infections - intrauterine and neonatal sepsts - 

associated with bacterial vaginosis); 
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Gemella .(Associated infections - bacteraemia, endocarditis); 

Globicatella (Associated infections - bacteraemai, UTI, meningitis); 

Gordona (Associated infections - pulmonary infection, sternal wound sepsis, 

brain abscess, bacteraemia); 

Haemophilus (associated with Brazilian purpuric fever; associated with 
sinusitis, otitis media, pneumonia, abscesses, endocarditis; the agent of chancroxd; 
associated with bacteraemia, meningitis, epiglottitis, respiratory tract infecuon); 

Hafnia (Associated infections - bacteraemia - has been associated with cases 
of diarrhoea); 

Helicobacter (a zoonosis from dogs and hamsters cause of gastroententis; 
associated with septiciaemia and proctitis; sepicaemia in a neonate; gastritis); 

Hdpcoccus (associated with sebaceous cyst infection and breast absecess); 
Hold^nania (Species associated with infection - H. fihjonrus); 
Tynavigranum (Associated infections - wound infection, ear abscess); 
JohusoneUa (Associated infections - perodontitis); 
Kineella (Associated infections - septic arthritis, endocarditis); 
Klebsiella (associated with UTI, bacteraemia, wound infection, respiratory 
tract infection; rhinoscleroma); 

Kocuria (Species associated with infection - K. yjyians, K. kristinae); 
Koserella (Associated infections - wound infection, septic arthritis); 
Kurthia (bacteraemia and endocarditis; diarrhoea); 
Kvtococcus (Species associated with infection - K. sedentanus); 
Lactobacillus (Associated infections - abscesses, bacteraemia, endometritis, 
endocarditis, lung infection, UTI - reported risk factors for infection, surgery, 
malignacy, diabetes mellitus, immunodeficiency); 

Lactocpccus (Associated infections - bacteraemia, endocarditis, UTI); 
Lautropia (has been isolated from oral flora of an HIV patient and from 
sputum of a cystic fibrosis patient); 

Leclercia (Associated infections - bacteraemia, wound infection); 
Lejionella (Associated infections - legionaires 1 disease, Pontiac fever); 
T .eminorella (Associated infections - UTI); 
Le ptospira (Associated infections - leptospirosis); 
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Leototrichia (Associated infections - bacteremia, endocarditis); 
Leuconostoc (Associated infections - meningitis, bacteraemia, pulmonary 
infection); 

Listeria (Associated infections - septicaemia, meningitis, intra-uterine 

infection, enteric infection); 

Me^phaera (Associated infections - septicaemia, meningitis, intra-uterine 

infection, enteric infection); 

Mycobacterium (Associated infections - bacteraemia, CAPD peritonitis); 

Mycobacterium (Associated infections - endophthalmitis, UTI, endocarditis, 
soft tissue infection, hypersensitivity pneumonitis, meningitis, CAPD peritonitis); 

Micrococcus (Associated infections - bacteraemia, endocarditis, septic 
arthritis); 

Mitsuokella (Species associated with infection - M. multiacida) ; 
Mobiluncus (Associated infections - endometritis, chorioamnionitis - 
associated with bacterial vaginosis); 
Moellerella (diarrhoea); 

Moraxella (associated with - conjunctivitis, wound infection, endocarditis, 

abscesses, osteomyelitis); 

Moreanella (Associated infections - bacteraemia, UTI, wound infection); 

Mycobacterium (Leprosy, cervical adenitis, Buruli ulcer, fish-tank granuloma, 
M malmoense, M, szulgak M. kansasii , M. xenopi - associated with pulmonary 
infection, systemic infection in imunocompromised patients, post-inoculation 
infection); 

Mycoplasma (Associated infections - respiratory infection, post-partum fever, 
pyelonephritis, pelvic inflammatory disease, myocarditis, pericarditis, meningitis); 

Mvroides (Associated infections - UTI, wound infection); 

Neisseria (associated with meningitis, bacteraemia, endocarditis,- 
osteomyelitis, agent of genital gonorrhoea, septicaemia, ophmalmia neonatorum, 
associated with septicaemia, meningitis, conjunctivitis, genital infection, epiglottitis) 

Nocardia (nocardiosis); 
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Nocardiosis (Associated infections - mycetoma, cutaneous infection, 
pulmonary infection, conjunctivitis); 

Ochrobactrum (Associated infections - bacteremia, endophthalmitis, liver 
abscess - reported association with nosocomial infections in debilitated patients); 

Oeskovia -fassociated with meningitis, pyonephrosis, CAPD peritonitis, 
endophthalmitis); 

Olieella (associated with UTI, septicaemia - infection associated with urinary 
catheters); 

Orientia (Associated infections - scrub typhus); 

Paembacillus (Associated infections - septicaemia, meningitis, pneumonia); 
Pantoea (Associated infections - bacteremia, endocarditis, wound infection, 
cellulitis, alligator bite infection, endophthalmitis); 

Parachlamvdia (Parachlamydia acanthamoebae has been associated with 
hypersensitivity pneumonitis (humidifier fever); 

Pasteurella (Associated infections - wound infection, septicaemia, abscesses, 
pneumonia, endocarditis, meningitis - infections relate to spp); 

Pediococcus (Associated infections - bacteremia, abscesses, pulmonary 
infection - infections in debilitated patients); 

Pe ptococcus (Pentococcus niger has been associated with anaerobic infections 
including mtra-abdominal sepsis); 

Photobacterium (Associated with necrotising wound infection); 
Photorhabdus (Associated infections - bacteremia, wound infection); 
Pjesigmonas (Associated infections - gastroenteritis, septicaemia, meningitis, 
endophthalmitis); 

Porphvrimonas (Associated infections - mixed anaerobic infections at various 
sites, periodontitis, associated with bite infections (human and animal); 

Prevotella (Associated infections - abscesses, bacteremia, wound infection, 
bite infections, genital tract infections, periodontitis); 

Progi^cterium (Associated infections - abscesses, endocarditis, 
bacteremia, spetic arthritis, endophthalmitis, acne vulgaris); 

Proteus (Associated infections - UTI, bacteremia, wound infection, 
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Providencia .(Associated infections - UTI, wound infection, bacteraemia); 

Pseudomonas (Reported infections - bacteraemia, UTI, wound infection, 
abscesses, septic arthritis, conjunctivitis, endocarditis, meningitis, CAPD peritonitis - 
nosocomial) 

P* R nrtonocardia (Species associated with infection - P. autpfrophica) 
Pseudorarnibacter (Associated infections - periodontal disease, wound 

infection, abscesses) 

Psvchrobacter (Associated infections - meningitis, bacteraemia, eye infection); 
Rahnella (Associated infections - UTI, septicaemia); 

Ralstonia (Associated infections - bacteraemia, UTI, meningitis, wound 

infection, peritonitis); 

Rhodgcoccus (associated with bacteraemia, osteomyelitis, lung abscesses - 
infections of immunocompromised patients including AIDS); 

Rickettsia (Associated infections - rickettsial spotted fever, tick typhus, tick 

bite fever, rickettsialpox); 

Roseomona^ (Associated infections - bacteraemia, wound infection, 

peritonitis); 

Rothia (Associated infections - endocarditis, abscesses); 
R^mnococcus (Associated infections - abdominal sepsis, abscesses); 
S^hsonella (Associated infections - gastroenteritis, enteric fever, 
osteomyelitis); 

Sdejipmonas (Associated infections - bacteraemia, lung abscess - infections 
reported to be associated with malignancy or alcohol abuse); 

Serratia (Associated infections - septicaemia, abscesses, burn infections, 
osteomyelitis); 

Shwenella (associated with cases of intra-abdominal sepsis, meningitis and 

bacteraemia); 

Shigella (Associated infections - enteric infection); 
SJmkania (Associated infections - bronchiolitis, pneumonia); 
Slackia (Associated infections - periodontitis); 

Sphingobacterium (Associated infections - bacteraemia, UTI, peritonitis); 
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SBMagaBoaaa (Associated infections - septicaemia, UTI, wound infections, 
CAPD peritonitis - nosocomial infections); 

SpjriHum. (Associated infections - rat bite fever); 

Sja^svlocsccns (Associated infections - Bacteraemia, wound infection, 
endocarditis, catheter-reiated sepsis.UU toxic shock syndrome, eye infeetton, 
osteomyelitis); 

St^otro^tonas (associated with various (mostly nosocomial) infections - 
-aemia, meningitis, wound infection, UTI and pneumonia); 
gtox^tococcus (Associated infections - endocarditis, meningitis, neutropenic 



Sgepjobacillus (Associated infections - rat bite fever, Haverhill fever); 
S^tococcus (Associated infections - pharyngitis, bacteraemia, pyogenic 
infection, necrotising infection, septic arthritis, glomerulonephritis, menmgrus, 
rheumatic fever, abscesses, endocarditis, pharyngitis, wound infection, pneumoma, 
pericarditis, CAPD, peritonitis, sinusitis, otitis, conjunctivitis); 

Stie^tgnryces (Associated infections - actinomycetoma); 
Succjniyjbrio (Associated infections - bacteraemia); 

SuttereUa (Associated infections - appendicitis, peritonitis, abascesses, 
osteomyelitis); 

Sujtgnella (Associated infections - endocarditis, eye infection); 
T^tijmella (Associated infections - bacteraemia, UTI); 
Tissierella (Associated infections - bacteraemia); 
Trabulsiella (Associated infections - diarrhoea); 

T^^onema (associated with periodontal disease, pinta, genital lesions, 
venereal and non-venereal endemic syphilis, yaws); 

jropheryjna (associated with Whipple's disease); 
juricdla (Associated infections - otitis, cervical abscess); 
TTrea plasma (Associated infections - urethritis); 
Vagococcus (Species associated with infection - V. fl uvialis); 
yeiUonella (Associated infections - abscesses, bacteraemia); 
Vibrio (The agent of cholera, associated with wound infection, bacteraemia, 
diarrhoea and septiciaemia, septicaemia, meningitis, endometritis); 
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Weeksella (associated with peritonitis and vaginal infections); 
Xanthomonas (bacteraemia); 

Yersinia (agent of plague, associated infections - enterocolitis, soft tissue 
infections, mesenteric lymphadenitis, enteric infection); and 

Xiteellj (Associated infections - bacteraemia, wound infection). 



Tie combination therapy may also be used to treat fungal infections of a 
subject. The agents are effective against me following fungi: Candida spp, 

w*- MMa **> Wchosporon spp - Fusarium m - Paec "° my Z 7 

and Acremonium spp, also RMzopus. Mucor, Atsidia, Blastomyces spp. Cockades 
spp, Qyptococcus spp, Histoplasma spp 

The inventor has also found that the combination therapy may also be used to 
treat a number of parasitic infections of a subject. For instance, the combination 
therapy is useful for treating malaria 

The inventors have found that the combination therapy is particularly useful 
for treating infection (e.g. local or systemic or deep systemic infections) associated 
wi* immune suppressed patients; urinary tract, bloodstream infections and 
pneumonia. 

The agents may be used to treat existing medical conditions but may also be 
used when prophylactic treatment is considered medically necessary. 

The agents used according to the invention may take a number of different 
formsdepending,inpardcularonmemannerinwhichtheyare.obeused. Thus, for 
■ example, the agents may be in the fcrm of a powder, tablet, capsule, liquid, ointment, 
cream, gel, hydrogel, aerosol, spray, micelle, Hposome or any other suitable form that 
may be administered to a person or animal. It wilt be appreciated that me vehrcle for 
the agents should be one which is well tolerated by the subject to whom it is gtven 
and enables delivery of the agent to the target tissue. 
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The agents may be used in a number of ways. For instance, systenuc 
administration may be required in which case the.agents may be contained wtthm a 
composition, which may, for example, be ingested oraUy in the form of a tablet 
capsule or liquid. Alternatively the agents may be administered by injection mto the 
blood sti-eam. Injections may be intravenous (bolus or infusion) or subcutaneous 
(bolus or infusion). The compounds may also be administered by inhalation (e.g. 
intranasally). 

The agents may also be incorporated within a slow or delayed release device. 
Such devices may, for example, be inserted under tire skin and me compound may be 
released over weeks or even monms. The devices may be particularly advantageous 
wben an agent is used which would normally require frequent administration (e.g. at 
least daily ingestion of a tablet or daily injection). 

It is preferred that second agents according to the invention are initially 
dissolved in solvents such as DMSO before dilution in aqueous solution for the 
preparation of liquid medicaments. 

The agents may be formulated as prodrugs. Such prodrugs may be stored as 
inactive and stable medicaments which are subsequently activated. 

It will be appreciated that the amount of an agent required is determined by 
biological activity and bioavailability that in turn depends on the mode of 
administration and the physicochemical properties of the agents employed. Tne 
frequency of administration will also be influenced by the abovementioned factors 
and particularly the half-life of the agents within the subject being treated. 

Known procedures, such as those conventionally employed by the 
pharmaceutical industry (e.g. in vivo experimentation, clinical trials etc), may be used 
to establish specific formulations of agents and precise therapeutic regimes (such as 
daily doses and the frequency of administration). 
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Generally, a daily dose of between O.Olug/kg of body weight and l.Og/kg of 
body weight of a Brst agent and a second agent may be used for chemotherapy 
depending upon which specific agents are used. More preferably to daily dose of 
each agent is between 0. lug/kg of body weight and lOOmg/kg of body weight 

Generally, a daily dose of lng-lg/M 2 (per agent) of both a first agent and a 
second agent may be used for chemotherapy in humans - depending upon whrch 
specific agents are used. 

Purely by way of example suitable doses of first agents (e.g. Irmotecan, 
Topotecan, Camptotheoin, Gemcitabine arrd derivatives and analogues thereof) 
according to the invention for treating a human cancer is lng-lg/M' IV (depending 
npon the health status of the individual) whereas Ipg-lg/kg is a suitable does for use 
in animals. 

Purely by way of example suitable doses of second agents doses (for cancer 
chemotherapy or the treatment of micro organisms) according to the invention are: 

(a) A suitable dose of Radicicol (or a derivative or analogue thereof) for treating a 
human cancer is Ing- 1 g/M> (depending Upon the health status of the individual) . 

(b) A suitable dose of Geldanamycin for treating a human cancer is lng-lgM 2 . 

(c) A suitable dose of 17-AAG for treating a human cancer is lng-lg/M 2 . 

For all agents it is preferred that about 1 jig- 1 g/kg of a first or a second agent is 
used for vetinary purposes. For instance about 4-25 mg/kg of Geldanamycin may be 
used. 

Daily doses may be given as a single administration (e.g. a daily tablet for oral 
consumption or as a single daily injection). Alternatively the agents used may reqmre 
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administration twice or more toes during a day. A patient receiving treatment may 
take a first dose upon waMng and thenasecond dose in me evening (if on atwo dose 
regime) or at 3 or 4 hourly intervals thereafter. Alternatively a slow release devtce 
may be used to provide optimal doses to a patient without the need to adrmmster 
repeated doses. A preferred route of administration is by intiavenous infuston. 
Administration may be over several hours or even days. 

A preferred means of using protein or peptide agents is to deliver such agents 
to the target tissue by means of gene merapy. For instance, gene therupy may be used 
to decrease expression of Topo I or HSP90, decrease expression of enzyme(s) 
responsible for the intracellular synthesis of Topo I or HSP90, increase expression of 
a protein which promotes breakdown of Topo I or HSP90. Therefore accordmg to a 
fourth aspect of fire present invention there is provided a delivery system for use m a 
gene therapy technique, said delivery system comprising: 

(i) a first DNA molecule encoding for a protein which directly or indnectly 
attenuates Topoisomerase I activity; and 

(ii) a second DNA molecule encoding for a protein which directly or indirectly 
inhibits Heat Shock Protein 90 activity; 

wherein said DNA molecules are capable of being transcribed to allow the 
expression of said proteins and thereby be effective for chemotherapy. 

The delivery systems according to the fourth aspect of the invention are highly 
suitable for achieving sustained levels of a protein which are chemotherapeutically 
active over a longer period of time than is possible for most conventional therapeutic 
regimes. The delivery system may be used to induce continuous protein express™ 
from cells in a targe, tissue that have been transformed with the DNA molecule. 
Therefore, even if the proteins have a very short half-life as agents in vivo, 
therapeutically effective amotmts of me proteins may be continuously expressed from 
the treated tissue. 

Furthermore, the delivery system of the invention may be used to provide the 
DNA molecules (and thereby the proteins which are active therapeutic agents) 
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without the need to use conventional pharmaceutical vehicles sueh as those required 
in tablets, capsules or liquids. 

The delivery system of the present invention is snoh that the DNA molecules 
are capable of being expressed (when the delivery system is administered to a patten.) 
to produce proteins drat directly or indirectly have activity for attenuating Topo I 
activity and inhibiting HSP90 activity. By "directly we mean that the product of 
gene expression^ se has the required activity. By '•indtieedy" we mean that the 
product of gene expression undergoes or mediates (e.g. as an enzyme) at least one 
farther reaction to provide an agent effective for attenuating Topo I activtty or 
inhibiting HSP90 activity. 

The DNA molecules may be contained within a suitable vector to form a 
recombinant vector. The vector may for example be a plasmid, cosmid, virus or phage. 
Snch recombinant vectors are highly useful in the delivery systems of the invention for 
transforming cells with the DNA molecule. 

The recombinant vector may also further comprise a promoter or regulator to 
control expression of the gene as required. 

It will be appreciated mat the first and second DNA molecules may be contained 
within a single vector and the expression thereof may be driven from either a smgle 
promoter or individual promoters. Alternatively the delivery system may compnse first 
and second DNA molecules contained within respective first and second expresston 
vectors. 

Recombinant vectors may also include other functional elements. For instance, 
recombinant vectors eanbe designed such that the vector will autonomously replicate m 
fte ceU. In this case, elements that induce DNA replication may be required m the 
recombinant vector. Alternatively me recombinant vector may be designed such that the 
vector and recombinam DNA molecule integrates into the genome of a cell. In this case 
DNA sequences which favour targeted integration (e.g. by homologous recombmation) 
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„e desirable. Recombinant vectors may also have DNA coding for genes to may be 
used as selectable markers in the cloning process. 

The DNA moleonles may (tat not necessarily) be one which becomes 
incorporated in the DNA of cells of the snbject being heated. Undifferentiated cetis 
m ay be stably hansformed leading to the production of genetically modmed daughter 
cells (in which ease regulation of expression in the subject may be required e.g. wuh 
specific transcription factors or gene activators). Alternatively, tire delivery system may 
be desisted to favour unstable or hansient transformation of differentiated cells m the 
subject being heated. When this is the case, regulation of expression may be less 
unportan, because expression of tire DNA molecules will stop when the transformed 
cells die or stop expressing the proteins (ideally when dtemofiterapy is no longer 
required). 

The dehvery system may provide the DNA molecules to the subject without 
tnem being incorporated in a vector. For instance, me DNA monies may 
incorporated within liposomes or virus particles. Alternatively me naked DNA 
nrolecules may be inserted into a subject's cells by a suitable means e.g. dnect 
endocytotic uptake. 

The DNA molecules may be transferred to the cells of a subject to be heated 
by lection, infection, microinjection, cell msion, protoplast fusion or balhshc 
bombardment. For example, transfer may be by baUistic transfection witir coated gold 
particles, liposomes containing me DNA molecules, viral vectors (e.g. adenovn™) 
and means of providing direct DNA uptake (e.g. endocytosis) by application of the 
DNA molecules direcdy to the target tissue topically or by injection. 

The discovery that Topo I and HSP90 interne, has enabled me inventor to 
develop a drug screening assay system for testing the efficacy of — togs ^ 
ehemotherapeutic agents. Therefore the two interacting protetns HSP90 and 
Topoisomeraselmay be used asacomplex target for new drug development m whtch 
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both proteins are contemporaneously or sequentially targeted for new mammalian, 
fungal and anti bacterial agents. 

According to a fifth aspect of me present invention there is provided a method 
of screening a first and a second compound, to test whether or not said compounds 
has efficacy for use in combination as a chemotherapy, comprising: 

(i) exposing said compounds to Topoisomerase I and evaluating whether 
or not said compounds bind thereto; 

(ii) exposing said compounds to Heat Shock Protein 90 and evaluating 
whether or not said compounds bind thereto; and 

(iii) selecting a first and second compound, wherein at least one compound 
binds to Topoisomerase I and at least one compound binds to Heat 
Shock Protein 90 for use in combination as a chemotherapy. 

It will be appreciated that the method according to the fifth aspect of the 
invention may be adapted such that it is used to test whether or notasingle compound 
nxay have a novel use in chemotherapy. Therefore according to a sixth aspect of the 
invention there is provided a method of screening a compound, to test whether or not 
said compound has efficacy for use in chemotherapy, comprising exposmg said 
compound to Topoisomerase I and Heat Shock Protein 90 to evaluate whefher or not 
said compound prevents interaction between Topoisomerase I and Heatshock Protein 
90. 

Compounds screened according to the fifth or sixth aspects of the invention 
represent candidate chemotherapeutic agents. The screening methods are is based 
upon the inventors realisation that interaction between Topoisomerase I and Heat 
Shock Protein 90 is closely related to undesirable cell growth (carcinogenesis and the 
like) It will be appreciated that the pharmaceutical industry will be able to use the 
methods according to the fifth or sixth aspect of me invention to identify candidate 
medicaments for further investigation as anti-cancer agents. 
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A preferred technique for carrying out the methods of the fifth and sixth 
aspects of the invention is to exposure the compounds to be tested to Topo I and 
HSP90 used as binding partners in an interaction trap. Many forms of interaction trap 
are known to the art. Preferably a yeast two-hybrid interaction trap is employed. Yeast 
two-hybrid screening is a strategy for screening for interaction between proteins. 
Yeast two-hybrid screening used according to the invention may involve expression 
of translational fusions of (a) Topoisomerase I and part of a reporter gene; and (b) 
Heat Shock Protein 90 fused in-frame with the other part of the reporter gene. When 
the fusion proteins are expressed, interaction between (a) and (b) allows the reporter 
to assemble and generate a signal. Test compounds that represent candidate 
chemotherapeutic agents prevent interaction between (a) and (b) and may be 
identified because no reporter signal is produced from samples contaming the 
candidate. 

It will be appreciated that any other form of interaction trap may be used to 
put the invention into practice. Suitable examples included techniques such as 
mammalian two-hybrid, bacterial two-hybrid or alternatively various types of pull 
down assay. 

When the methods relate to the disruption of protein-protein interactions based 
on the yeast two-hybrid technique it is preferred that yeast are used that are permeable 
to the tested compounds. Examples of drug permeable yeast which may be used 
according to the invention include MDS or ISE 2 mutations (e.g. strains carrying 
these mutations (ISE2), JJ700, BJ201). Suitable strains are disclosed in Hammonds et 
al Antimicrob Agents Chemother. 1998 Apr;42(4):889-94. 

It will be appreciated that the methods according to the fifth or sixth aspects of 
the invention may be adapted to identify compounds that promote interaction between 
Topoisomerase I and Heat Shock Protein 90 (rather than inhibit such interaction) Such 
an adapted test represents a good method for evaluating whether or not a test 
compound is likely to be carcinogenic. Therefore according to a seventh aspect of the 
present invention there is provided a method of screening a compound, to test whether 
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or not said compound is carcinogenic, comprising exposing said compound to 
Topoisomerase I and Heat Shook Protein 90 to evaluate whether or not sard 
compound promotes interaetion between Topoisomerase I and Hea, Shook Protem 90. 

Accordingly any compound, identified according to the seventh aspect of the 
invention, that pmmotes interaction between Topoisomerase I and Heat Shock Protein 
90 is likely to be carcinogenic. The method may be used to screen compounds to 
assess whether or no, they are safe to be used by the public. For inshmc cosmetics, 
foodstuffs, candidate therapeutic agents etc may all be tested to investigate whether or 
not they may cause can«r. The method according to the seventh aspect of tire 
invention may also be used for environmental monitoring. For instance, the test may 
be used to evaluate whether or not effluent from a factory may contain carcinogemc 
compounds. 



The discovery that Topo I and HSP90 interact has further enabled the inventor 
to develop a test whereby the measure, of HSP90 and Topo I pmtein levels m 
cells is used as a diagnostic aid. According to an eighth aspectoffite present invention 
there is provided an in vi«-o method for diagnosing whether or not a subject has, or is 
likely to develop cancer, comprising: 

(i) detecting the level of activity or expression levels of HSP90 and 

Topoisomerase I torn a sample of cells from said subject; and 
00 comparing the level of activity or expression levels of HSP90 and 
Topoisomerase I in said sample relative to activity expression levels of 
HSP90 and Topoisomerase I ftom a non-cancerous sample. 

The method according to the eighth aspect of the invention indicates that a 
subject is at risk of developing cancer if the activity or expression levels of Topo I or 
HSP90 are raised relative to conftol values (e. g samples from an individual wnhout 
cancer or ftom non-cancerous tissues ftom the subject). 
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Preferably a first sample is taken from a tissue which is suspeeted to be 
cancerous and a second sample is taken ftom normal tissue (i.e. non-cancerous tissue) 
from the same subject. 

The method according to the eighth aspect of the invention may be adapted for 
determining the sensitivity of a subject to a specific combination of first and second 
agents according to the invention (i.e. an HSP90 inhibitor and a Topo I inhibitor). 
Thus according to a ninth aspect of the present invention there is provided an m vitro 
method for evaluating the suitability of chemotherapeutic treatment for administrate 
to a subject, comprising: 

(i) detecting the level of activity or expression levels of HSP90 and Topo 
I from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topo I in said sample relative to activity expression levels of HSP90 
and Topo I from a non-cancerous sample. 

According to a tenth aspect of the present invention there is provided an in 
vitro method for monitoring the effectiveness of a chemotherapy for treating a 

subject, comprising: 

(i) detecting the level of activity or expression levels of HSP90 and Topo 
I from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topo I in said sample relative to activity expression levels of HSP90 
and Topo I from a non-cancerous sample. 



The invention will be further illustrated with reference to non-limiting 
Examples and figures, in which: 

Figure 1 illustrates the results of an immuno-precipitation assay with an 
HSP90 antibody in which protein from HCT116 P 53wt was subjected to a Western 
blot using Topo I as a probe as described in Example 1 ; 
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Figure 2 illustrates the results of an immuno-precipitation assay with a Topo I 
antibody in which protein from HCT1 16p53wt was subjected to a Western blot using 
HSP90 as a probe as described in Example 1; 

Figure 3 illustrates the results of co- immunoprecipitation (IP) western blots 
from HCT116 extracts: (A) Immunoprecipitation with an anti-topoisomerase I 
antibody and probed with an antibody against Hsp90; as a negative control the blot 
was also probed with an antibody against PKCa; a non-reactive antibody was used as 
a non-specific binding control; and (B) an IP with anti Hsp90 antibody probed with a 
topoisomerase I antibody as described in Example 1; 

Figure 4 illustrates the effect of Irinotecan alone on cell growth in (A) 
HCT116 p53 Wild type (WT) cells and (B) HCT116 p53 knockout cells as described 
in Example 2; 

Figure 5 illustrates the effect of Geldanamycin alone on cell growth in (A) 
HCT116 p53 Wild type (WT) cells and (B) HCT116 p53 knockout cells as described 
in Example 2; 

Figure 6 illustrates the effect of a combined treatment of Irinotecan and 
Geldanamycin on cell growth (the effect being independent of p53 status) in (A) 
HCT116 p53 Wild type (WT) cells and (B) HCT116 p53 knockout cells as described 
in Example 2; 

Figure 7 illustrates the growth inhibition effect of 1.5/iM Irinotecan + 25nM 
Geldanamycin Combination Treatment on (A) HCT116 P 53 WT cells and (B) p53 
KO cells as described in Example 2; 

Figure 8 illustrates the inhibitory effect of 0.8 jiM. IRT and lOOnm RD 
Combination Treatment on (A) HCT116 P 53 WT cells and (B) P 53 KO cells as 
described in Example 2; 

Figure 9 illustrates growth inhibition caused by topotecan/geldanamycin 
combination treatment on (A) HCT116 P 53 WT cells and (B) P 53 KO cells as 
described in Example 2; 

Figures 10 illustrates the results of a clonogenic assay , investigating the 
inhibitory effects of Irinotecan (IRT), Geldanamycin (GA) and the combination of 
IRT plus GA on the growth of both, HCT116 WT and HCT16 KO cells (the effect 
being independent of p53 status): (A) illustrates combination therapy results obtained 
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with 15MM IRT plus 1.25/iM GA; and (B) shows results for 50fM FRT plus 1.25/.M 



GA; 



Figures 11 illustrates the cell killing response of of HCT116 p53 KO cells 
after treatment with (A) geldanamycin, (B) irinotecan and (C) 
geldanamycin/irinotecan in combination, respectively as described in Example 2; 

Figure 12 shows an isobologram illustrating the cell killing response after 
treatment with irinotecan, geldanamycin and irinotecan/ geldanamycin in combination 
on (A) HCT1 16 p53 WT cells and (B) P 53 KO cells as described in Example 2; and 

Figures 13 illustrates an interaction between topoisomerase I and HtpG as 
demonstrated by the results of co-immunopreci P itation (IP) western blots of IPs from 
E.coli extracts wherein: TE = total cell extract, IP = protein complex following 
immunoprecipitation; (A) shows results obtained from immunoprecipitation with an 
anti-topoisomerase I antibody in which the western blot was probed with an anti-body 
against Hsp90 (which recognises the bacterial equivalent HtpG); and (B) shows 
results obtained from immunoprecipitation with an anti Hsp90 antibody which 
recognises the bacterial equivalent HtpG whilst the western blot was probed with a 
topoisomerase I antibody. 
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V.XAMPLE 1 

aspects of the invention described herein. 



1.1 METHODS 

Established cell culture 



Jkfced humidified environment, Penicillin and Streptomycin. 

supplemented with ImM sodium pyruvate lOug/ml msulm & NCI-H125 RPMI 
(Sigma), HT29 DMEM (Sigma). 

Immunoprecipitations 

a a i v 10 6 cells and allowed to adhere overnight. 

3m££ and incubated at 4«C overnight. 50 „1 of 10 % ^ 1»2T«£mS£ 
supematants discarded, hnmunoprecipitates were washed ^JSO ^lceU lysis 
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1-D electrophoresis and immunoblotting 

we^bed ^ e^r rabbit primary antibomes against mnmm 
membrane. Blots wer p antibodies against 

wKa^Tsi^T^ sfaa. • — 

bioimager (BioRad). 

1.2 RESULTS 
Protein-Protein interactions 

Protein association studies were conducted using 1 dimensional SDS-PAGE I analyses 

by 1 dimensional SDS-PAGE (see Fig. 1). 
The counter precipitation was performed 

corresponding proteins come down in pull down experiments. 

Meractionbetween ^^^^^ZTS^S^ 
tenunopreeipitation assays. Fig. 3 1 A ^^ 0 ^ fthewe5tem P blotw iaian 

interaction between topoisomerase I and Hsp90. 
Drug target 

combination for chemotherapy (see Example 2) 
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EXAMPLE 2 

Example 1 illustrates there was a physical interaction l between Topo Ii and ^HSP^O 
The inventor therefore tested the effect of combining drugs that had z specific effect 
on Topo I and a specific effect onHSP90. The combination of an HSP90 inhibitor and 
a topoisomerase I inhibitor show a synergistic effect (see below). 

2.1 METHODS 

2.1.1 Growth inhibition assay 

96 well flat-bottomed plates were seeded with 3 x 10 3 cells per well and flowed to 
adhlre overnight. Media was then replaced with fresh media a one (control) or 
contammrSt drugs e.g. 0 - lOOuM irinotecan, 50 to 200 nM geldanamycin (GA.) 
and^mbSom of both. At fixed time points, cells were fixed with 3 1 
"iSoTacic acid and stained with 0.4 % w/v ^f^^Tl^c 
v/v acetic acid for 30 minutes. Plates were then washed twice with 1 * j/v acebc 
acid, the dye solubilised with 100 ul per well of 10 mM Tns P H 10.4 and read at 
A570nm using a Benchmark microplate reader (BioRad). 

2.1.2 Clonogenic assay 

Cells were olated at a density of 1000 cells per well in 6 well plates and allowed to 
Sne* Tov^gnt Cells were\eated with e.g. 0.5 to 50 uM VPlfijSO to 1500 nM GA 
orTJmbinations of the two for 1 hour. Cells were then washed twice with ^PBS ^and 
re-incubated with fresh medium for 10 days. Medxa was fcen removed land cell s were 
fixed with 70 % v/v methanol for 1 minute. Cells were then stamed ^ ^ w 
crystal violet in 70 % v/v ethanol for 10 seconds washed with dH 2 0 and allowed 
afrdry. Thenumberof colonies formed of > 50 cells each were counted. 

Drugs were used in the following concentrations for Growth inhibition and 
Clonogenic assays: 

Geldanamycin 1-1500 nM 
Irinotecan 0.01-100uM 
Radicicol 25-350 nM 
Topotecan 12.5-800 nM 

2.1.3 Flow cytometry protocol for cell cycle analysis. 

1. Seed cells eg HCT116 +/+ or K562 cells in small petri ^^Jfi£%* 
5ml of 1 x 10 6 cells/ml in appropriate medium. For HCT116+/+ ^ceU Ime use 
McCoys 5A Medium supplemented with 10% Foetal Calf Serum (FCS) and 
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Penicillin and Streptomycin. For K562 cell line use RPMI 1640 Medium 
supplemented with 10% FCS and Penicillin and Streptomycin 

2. Leave to attach overnight for adherent cell hues in incubator at 37 C 5 A CU 2 

3. Dret£ e 5mlof W 

C0 2 atmosphere. 125nM Geldanamycin, 0.5uM fanotecan, or 125nM 

Geidanamycmand0.5^MIrinotecancombmation. 
4 After treatment, remove medium from well to a universal tube. 
5. Wash well with 500^1 PBS and remove to same universal. 
6 Add 500ul trypsin and wait for detachment. T ,- 

7. Add rrypsinand cells to universal and rinse out the well with some of the medium 
from the universal. 

8. Spincellsat4°Cat2500rpmfor5niins. 

9 Remove supernatant and resuspend pellet in 500ul PBS 

lOTransfertoFalcontubeands^ . _ - 

11. Remove supernatant and add SOOpl ice-cold 70% ethanol, and leave m fridge for 
2-5 minutes. 

12. Spin cells at 4°C at 2500rpm for 5 mins. 

13. Wash twice in 1 ml PBS. 

14 Add 40ul of lOOug/ml ribonuclease A for 5 mms at room temperature. 

5^dd40Uf50^ for 
ifi A„»lvse on FACSVantage SE (Becton Dickinson) using 488nm laser lor 
e^Ton, JtStmgfluoreaoenoe above 585™. (FL-2). Colleet data using 
CellQuest Pro v4.0. Analyse data using Mod Fit LT v3.0 

* For suspension cell lines, spin cells down and resuspend at between 2-4xl0 5 

cells/ml in medium supplemented with the drug treatment required. 
** For suspension cell lines ignore steps 6 and 7. 



2.1.4 Isobolar relations 

The isobolar relations were calculated to quantify the synergistic combination of the 
two agents used according to the invention. 

The isobolar relation is calculated in the light of the fact that two utag. «! £ 
combination may produce enhanced or reduced effects. The degree of enhancement ^or 
reduction is measured from the interaction index ( Y ), defined by the isobolar relation, 
which indicates the changed potency of the combination. 

(a/A) + (b/B) = y 

Where: A = drug A alone; B = drug B alone; and a, b = combination dose to produce 
desired effect 

If Y 1 = additive; <1 = super-additive (synergistic); and >1 = sub-additive 
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2.2 RESULTS 

2.2.1 Growth inhibition assay 

Example 1 illustrates that the interaction between these two proteins represents a new 
dnTtapt The effectiveness of modulating the two proteins m chemotherapy was 
tested using inhibitors of HSP 90 and inhibitors of Topo I in combination. 

The beneficial effects of inhibitors of HSP 90 and inhibitors of Topo I are shown in 
Figures 4-9. 

The inhibitory effects of Irinotecan alone or Geldanamycin alone or l ceU 
shown in Fig 4 and Fig. 5, respectively. Moreover, the synergistic inhibitory effect of 
^mbSLn of IrLecan P and Geldanamycin on cell proliferation is shown m 
Figures 6 and 7. 

Synergistic effects were also seen when Radicicol was ; combined with ^otecan (see 
figure 8) and when Topotecan was combined with Geldanamycin (see figure 9). 

2.2.2 Clonogenic assay 

In the clonogenic assays, cell killing, showed a similar ^^^^^0^ 
combination of HSP 90 and Topo I inhibitors was used The c ^mati o n of 
Irinotecan and Geldanamycin resulted in less colony survival than treatment with 
single drugs (Fig. 10). 

In Fig. 11, the cell killing response of HCT116 P 53 cells after treatment with two 
f g enS is shown. Overall, this produced a synergistic effect and resulted in ceU kiUmg 
af concentrations where there is little or no effect with single drugs. Thus eel L killing 
was SST- W 3-5 times greater fro combination therapy than for the drug 
used in isolation. The action was also found to be independent of p53 status. 

Flow cytometry experiments indicate that greater DNA damage may be seen with 
combination therapy according to the invention. 

2.2.3 Isobolar relations 

Figure 12 shows an isobologram iUustrating the cell killing res P^^ e ^ 
with irinotecan, geldanamycin and irinotecan/ geldanamycin m combination on (A) 
HCT ™ P 53 WT cells and (B) P 53 KO cells as described in Example 2; and 

It will therefore be appreciated that the combination of the two agents produces a 
ly^r^SL (i.e. P cell killing at concentrations, where there is little or no effect 
with single drugs) 
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EXAMPLE 3 

Experiments were conducted to illustrate the efficacy of the combination therapy 
according to the present invention for destroying microorganisms 

3.1 METHODS 

An E.coli extract was generated from a 50ml over night culture of bacteria (shaking 
culture at 37°C). The culture was harvested and resuspended in lysis buffer 0.5ml and 
sonicated to disrupt the cells, the extract was then cleared of debris by centrifugation 
at 12,000g for 15 minutes the cleared extract was then used for the 
immunoprecipitation (all these procedures were carried out at 4°C). 

Co-immunoprecipitation (IP) western blots of IPs from E.coli extracts were then 
carried out. Initially, immunoprecipitation with an anti-topoisomerase I antibody the 
western blot was probed with an anti-body against Hsp90 (which recognises the 
bacterial equivalent HtpG). This was accompanied by an IP with anti Hsp90 antibody 
(which recognises the bacterial equivalent HtpG) whose western blot was probed with 
a topoisomerase I antibody. 



3.2 RESULTS 

This example demonstrates that HSP90 and Topoisomerase I interact and influence 
microbial cell growth and susceptibility to chemotherapy. 

Figure 13 shows western blots of immunoprecipitation and counter 
immunoprecipitation probed with the complementary antibodies, demonstrating that 
the corresponding proteins come down in pull down experiments and thereby 
illustrating that Hsp90 and Topoisomerase I homologues in bacteria interact and 
influence cell growth and death. 
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CLAIMS 



1. A use of a first agent that attenuates Topoisomerase I (Topo I) activity and a 
second agent that inhibits Heat Shock Protein 90 (HSP90) activity in the manufacture 
of a medicament for contemporaneous or sequential administration in chemotherapy. 

2. The use according to claim 1 wherein the first agent is a compound selected 
from: 

(i) compounds that bind to Topo I and inhibit its activity; 

(ii) compounds which prevent the transcription, translation or expression of 
Topo I; 

(iii) compounds which inhibit release of Topo I from intracellular stores; and 

(iv) compounds which increase the rate of degradation of Topo I. 

3. The use according to claim 1 or 2 wherein the first agent is a cleavable- 
complex inhibitor. 

4. The use according to claim 1 or 2 wherein the first agent is Camptothecin or a 
derivative or analogue thereof. 

5. The use according to claim 1 or 2 wherein the first agent is Topotecan or a 
derivative or analogue thereof. 

6. The use according to claim 1 or 2 wherein the first agent is Irinotecan or a 
derivative or analogue thereof. 

7. The use according to claim 1 or 2 wherein the first agent is Camptostar (CPT- 
11) or a derivative or analogue thereof. 



8. The use according to claim 1 or 2 wherein the first agent is Gemcitabine or a 
derivative or analogue thereof. 
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The use according to any preceding claim wherein the second agent is a 
compound selected from: 

(i) compounds that bind to HSP 90 and inhibit its activity; 

(ii) compounds which prevent the transcription, translation or expression of 
HSP 90; 

(iii) compounds which inhibit release of HSP 90 from intracellular stores; and 

(iv) compounds which increase the rate of degradation of HSP 90. 

10. The use according to claim 9 wherein the second agent is Geldanamycin or a 
derivative or analogue thereof. 

11. The use according to claim 10 wherein the second agent is 17-Allylamino,17- 
demethoxygeldanamycin (17AAG) or CNF-101. 

12. The use according to claim 9 wherein the second agent is Radicicol or a 
derivative or analogue thereof. 

13. The use according to any preceding claim wherein the chemotherapy is for 
cancer treatment. 




14. The use according to claim 13 for the treatment of solid tumours. 

15. The use according to claim 14 for the treatment of bowel cancer, small cell 
and non-small cell lung cancer, head and neck cancer, breast cancer, bladder cancer or 
malignant melanoma. 

1 6. The use according to claim 1 5 for the treatment of paediatric tumours. 

17. The use according to claim 13 or 16 for the treatment of neuroblastoma, 
leukaemias and lymphomas. 
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18. The use according to any one of claims 1-12 wherein the chemotherapy is 
for: 

antibacterial treatments; 

antifungal treatments; 

antiparasitic treatments; 

the treatment of AIDS/HTV; 

the treatment of multiple sclerosis; or 

the killing and inhibition of proliferation of any organism. 

19. The use according to any preceding claim wherein the chemotherapy is for 
prophylactic treatment. 

20. A delivery system for use in a gene therapy technique, said delivery system 
comprising: 

(i) a first DNA molecule encoding for a protein which directly or indirectly 
attenuates Topoisomerase I activity; and 

(ii) a second DNA molecule encoding for a protein which directly or indirectly 
inhibits Heat Shock Protein 90 activity; 

wherein said DNA molecules are capable of being transcribed to allow the 
expression of said proteins and thereby be effective for chemotherapy. 

21. The use of a delivery system according to claim 20 for the manufacture of a 
medicament for use in chemotherapy. 

22. The use according to claim 21 for the treatment of conditions defined by any 
one of claims 12 to 19. 



23. A method of screening a first and a second compound, to test whether or not 
said compounds has efficacy for use in combination as a chemotherapy, comprising: 
(a) exposing said compounds to Topoisomerase I and evaluating whether or 
not said compounds bind thereto; 
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(b) exposing said compounds to Heatshock Protein 90 and evaluating whether 
or not said compounds bind thereto; and 

(c) selecting a first and second compound, wherein at least one compound 
binds to Topoisomerase I and at least one compound binds to Heatshock 
Protein 90 for use in combination as a chemotherapy. 



24. A method of screening a compound, to test whether or not said compound has 
efficacy for use in chemotherapy, comprising exposing said compound to 
Topoisomerase I and Heatshock Protein 90 to evaluate whether or not said compound 
prevents interaction between Topoisomerase I and Heatshock Protein 90. 

25. The method according to claim 23 or 24 wherein the compound is screened 
using Topoisomerase I and Heatshock Protein 90 as binding partners in an interaction 
trap and evaluating whether or not said compound modulates binding. 

26. The method according to claim 25 wherein the interaction trap is a yeast two- 
hybrid interaction trap. 

27. The method according to claim 26 wherein yeast used in the interact trap are 
permeable to the tested compounds. 

28. A method of screening a compound, to test whether or not said compound is 
carcinogenic, comprising exposing said compound to Topoisomerase I and Heatshock 
Protein 90 to evaluate whether or not said compound promotes interaction between 
Topoisomerase I and Heat Shock Protein 90. 

29. An in vitro method for diagnosing whether or not a subject has, or is likely to 
develop cancer, comprising: 

(i) detecting the level of activity or expression levels of Heat Shock 
Protein 90 and Topoisomerase I from a sample of cells from said subject; 
and 
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(ii) comparing the level of activity or expression levels of Heat Shock Protein 
90 and Topoisomerase I in said sample relative to activity expression levels of 
Heat Shock Protein 90 and Topoisomerase I from a non-cancerous sample. 

30. An in vitro method for evaluating the suitability of chemotherapeutic 
treatment for administration to a subject, comprising: 

(i) detecting the level of activity or expression levels of Heat Shock Protein 
90 and Topoisomerase I from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of Heat Shock 
Protein 90 and Topoisomerase I in said sample relative to activity expression 
levels of Heat Shock Protein 90 and Topoisomerase I from a non-cancerous 
sample. 

31. An in vitro method for monitoring the effectiveness of a chemotherapy for 
treating a subject, comprising: 

(i) detecting the level of activity or expression levels of Heat Shock Protein 
90 and Topoisomerase I from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of Heat Shock Protein 
90 and Topoisomerase I in said sample relative to activity expression levels of 
Heat Shock Protein 90 and Topoisomerase I from a non-cancerous sample. 
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Fig. 3 
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Fig. 11 
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